Questions: How do seeding, cattle grazing, and vehicular use impact vegetation establishment and soil movement on a newly reclaimed pipeline right-of-way? Will these factors result in differing plant community trajectories?
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Applied Vegetation Science FARRELL And FEHMI reclamation. Arid and semi-arid grasslands have been particularly challenging for reclamation because they can be slow to recover vegetation naturally (Lathrop & Archbold, 1980) , experience widely varying spatial and temporal rainfall patterns that limit vegetation establishment (Hoffman, Barr, & Cowling, 1990 ) and have soil fertility and moisture-holding characteristics that can further arrest plant development (Bainbridge & Virginia, 1990) . Without active reclamation, some disturbed arid and semi-arid sites recover well while others may take centuries for post-disturbance recovery to resemble pre-disturbance plant communities (Abella & Newton, 2009; Berry, Weigand, Gowan, & Mack, 2016) .
Direct seeding remains one of the most common arid and semiarid land reclamation treatments because of its low cost and applicability to large-scale disturbances (Bainbridge, 2007) . While common use would imply the established effectiveness of direct seeding to yield desirable vegetation communities, research has produced mixed and inconclusive results (e.g. Cox et al., 1982) . In some instances, the priority of the reclamation project has been to quickly maximize vegetation cover on a disturbed site, regardless of species composition, in order to prevent soil erosion (Whisenant, 1999) .
While preventing erosion remains important, there is also interest in examining successful methods of more passive reclamation and understanding interactions between introduced seeded species and those species naturally colonizing from surrounding areas (Baasch, Kirmer, & Tischew, 2012) .
The order and timing of species arriving to a disturbed site can have long-term impacts on the community trajectory and composition. These effects have been termed "priority effects" because the plant species that establish first can suppress later arriving plant species (Drake, 1991) . Priority effects can be a factor of species' reproductive strategies; in arid regions early germination of native or exotic plants can provide a competitive advantage (Stevens & Fehmi, 2011; Wainwright, Wolkovich, & Cleland, 2012) . To forestall invasive and other undesirable species, seeded species are typically added shortly after the disturbance ends because desired species may have limited ability to quickly disperse into disturbed sites (Bossuyt & Honnay, 2008) . Seeding may not entirely prevent undesirable species because the movement of people and equipment often transports exotic plants during construction, maintenance and the recreation that follows improved access (Hansen & Clevenger, 2005) .
On-going land uses such as recreation and livestock production, both common uses of arid and semi-arid lands, can impact land being reclaimed. Trampling by cattle (independent of forage consumption) can reduce vegetation ground cover and biomass (Dunne, Western, & Dietrich, 2011) . Livestock grazing that occurs before seedlings are well established on arid reclamation sites has been shown to reduce biomass and decrease vegetation community diversity (Whisenant & Wagstaff, 1991) . Even after seedlings establish, grazing of early-seral seeded communities has slowed successional recovery, whereas grazing had few impacts on mid-and late-seral communities (Milchunas & Vandever, 2014) . Conversely, ungulate grazing has also been found to positively impact some restoration sites (e.g. Martin & Wilsey, 2006) . Impacts of grazing may depend on existing site conditions: grazing on poorly productive sites can decrease species richness while grazing on highly productive sites can increase species richness (Lezama et al., 2014) .
We hypothesized that seeding a disturbed area with a diverse mix of desirable native species would result in greater native plant cover, less undesirable plant cover and increased species richness as compared to an unseeded area (hypothesis 1). We expected that unseeded plots would yield a different plant community assemblage than undisturbed control plots, testing the ability of native plants to migrate from the adjacent undisturbed areas (hypothesis 2). We anticipated that grazing would decrease the native vegetation cover (%) and change the plant community assemblage (hypothesis 3). Areas being trampled in this study (lumped cattle trampling and vehicle use) also inherently include the impacts of grazing; therefore we expected the impacts of grazing and trampling in combination to be greater than the impacts of grazing alone (hypothesis 4). The study region historically had heavy over-grazing by cattle since the early 1900s. The study site continues to be moderately grazed by cattle (stocking rate of approximately 2.5 cattle 100/ha) during the winter months (December through February). The past grazing likely caused a shift from a native perennial grassland to a shrub-dominated woodland (Browning & Archer, 2011) . The study site receives an average of 360 mm annual precipitation, of which approximately 53% (190 mm) is during the hot summer monsoon season, with the remainder in winter (WRCC, 2015) . For the duration of the approximately year-long study (Oct 2014 -Sept 2015 , the study site received 390 mm of precipitation, which includes 212 mm precipitation during the summer 2015 monsoon season (NOAA, 2015) .
| METHODS

| Site description
| Experimental design
The study site was divided into three homogenous sections to 
| Reclamation and seeding assumptions
The natural gas pipeline construction activity was confined to a 30-40-m wide construction zone termed the right-of-way (ROW). The reclamation practices used on the pipeline ROW were chosen to fulfill the US Federal Energy Regulatory Commission requirements.
The main concerns addressed were soil erosion, vegetation impacts Table 1 ). The functional groups present in the seed mix by seed weight were: 40.8% woody species, 28.6% perennial grasses, 8.1% perennial forbs and 21.9% annual forbs. The unseeded plots were subjected to the same construction processes as the seeded portions of the ROW, except that no seeding occurred. 
| Sampling methods
| 243
Applied Vegetation Science ; N = 80; one subplot discarded due to rodent damage). A pilot study was conducted to ensure the 0.16-m 2 quadrat size was appropriate to measure density at this site and this quadrat size matched the standard for the region (Coulloudon et al., 1999) . Above-ground herbaceous biomass (dead and live) was clipped to the soil surface and dried for 48 hr at a 70°C. The vertical difference between the soil surface and the head of each erosion nail was estimated (to the nearest mm).
Species designated as "native species" were native to the southwestern US region (USDA, NRCS, 2016) and included all seed mix species (Table 1) as well as all species naturally occurring in undisturbed areas of the research site (Appendix S3). Species designated as "undesirable species" were those not present on the site before the disturbance (Appendix S3) nor were they a part of the seed mix (laboratory verified). The "undesirable species" designation included common ruderal species and noxious weeds not consistent with site goals and that arrived to the site unintended.
| Data analysis
Total vegetation cover (%), total biomass (kg/ha), species richness (species 0.16/m 2 ) and soil movement (mm) were log-transformed to meet normality assumptions (Shapiro-Wilk p = .09, p = .15, p = .14, p = .09, respectively). The data were back-transformed for presen- Once treatment significance was determined, a Tukey-Kramer multiple comparisons test was used to isolate effects. Each plot assigned a reclamation treatment (n = 27) was used as a random effect and the management treatments were nested within them (n = 80 due to one lost subplot). The same analysis was applied to the soil movement data (n = 78 due to three unrecoverable soil nail locations). The data analysis was completed in R v 3.2.3 (R Foundation for Statistical
Computing, Vienna, Austria).
Non-metric multidimensional scaling (NMDS) was used to identify trends in vegetation communities among treatments. NMDS simplifies elements of a community into fewer dimensions to allow interpretation and communication of system changes (Gauch, Whittaker, & Singer, 1981) . We split the total vegetation cover (%) into six functional groups for NMDS analysis: undesirable species, native perennial grasses, native annual grasses, native perennial forbs, native annual forbs and native woody species. The reclamation treatments (seeded, unseeded, control plots) were analysed and plotted separately from the land management treatments (grazed-trampled, grazed-untrampled, ungrazed-untrampled subplots). The NMDS data analysis was completed in SAS 9.4 (SAS Institute, Cary, NC, USA) and plotted in R v 3.2.3.
| RESULTS
The reclamation treatments (seeded, unseeded, undisturbed control)
showed a significant response for native plant cover (%), undesirable plant cover (%), species richness and herbaceous biomass ( Table 2 ).
The land management treatments (grazed-trampled, grazed-untrampled, ungrazed-untrampled) showed a significant response for native plant cover (%), herbaceous biomass and soil movement (mm) ( Table 2 ). The interaction between the reclamation treatments and the land management treatments were not significant (p > .12) for any vegetation or soil response variables (Table 2) .
Seeding the reclamation site resulted in greater native plant cover (%), higher presence of the perennial grass and perennial forb functional groups than the undisturbed desert control (Figure 3a ). Of the total native plant cover within the seeded sites, approximately 64%
were seed mix species; the remaining 36% were species naturally recruited from the seed bank and surrounding areas. Seeding also resulted in significantly higher species richness than both the unseeded areas and the undisturbed control sites (Figure 3c ).
The unseeded reclamation sites resulted in native plant cover (%), function group composition ( Figure 3a ) and species richness (Figure 3c ) similar to the undisturbed control sites. Reclamation without seeding resulted in significantly higher cover (%) of undesirable species (Appendix S3 for species list) than the undisturbed desert areas (Figure 3b ). Seeding reduced the cover of undesirable species, but was not significant. Both seeded and unseeded reclaimed sites produced significantly more biomass than the undisturbed control desert sites (Figure 3d ).
Excluding both grazing and trampling resulted in increased native plant cover (%; Figure 3a ), higher species richness ( Figure 3c ) and larger herbaceous biomass (Figure 3d ) compared to areas exposed to both grazing and trampling. However, excluding both grazing and trampling did not significantly alter the functional group composition (Figure 3a) or reduce the cover of undesirable species (Figure 3b ).
Grazing alone (without trampling) did not result in any statistical differences, as the results tended to be intermediate between protected sites and exposed sites.
Seeding did not significantly impact soil movement (p > .75 for all combinations); seeded areas lost an average of 0.1 ± 1.4 mm of soil, unseeded areas accumulated an average 0.5 ± 0.7 mm of soil, and control plots accumulated an average 1.2 ± 0.4 mm of soil. Areas exposed to combined grazing and trampling experienced higher soil erosion than areas protected from both grazing and trampling; exposed areas lost an average of 1.1 ± 0.6 mm of soil whereas areas protected from grazing and trampling accumulated an average of 1.7 ± 1.1 mm of soil (p = .006; average 2.8 mm difference). Grazing alone resulted in an average of 0.9 ± 0.9 mm of soil accumulation, which was not different from exposed areas (p = .08) or protected areas (p = .53).
T A B L E 1 Percentage pure live seed (PLS) by seed mass of species found in the commercial seed mix applied to the study as estimated from a seed mix sample in the lab is shown. Species are shown with the designated plant functional group it was classified into for the purposes of this study. As the seeds varied greatly in size and mass, the number of seeds per gram is included for reference. The annual forb species in the seed mix were confirmed to have been growing in the right-of-way (ROW) during the winter season immediately following ROW seeding, but were no longer present during the autumn data collection period Denotes species confirmed to be growing in the seeded portion of the study site within the first year of seeding based on monthly surveys. b Denotes seed mix species that were recorded during the post-monsoon season data collection period.
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The NMDS ordination analysis on the plant community trajectories that emerged 1 year after reclamation shows that unseeded reclaimed areas developed an assemblage similar to the undisturbed desert control, whereas seeded reclaimed areas clumped into a different assemblage (Figure 4) . The dominant functional group in both the unseeded reclaimed areas and the undisturbed control areas was T A B L E 2 ANOVA F-and p-values from the linear mixed-effects analysis. Reclamation treatments were seeded, unseeded and control plots. Management treatments, nested within the reclamation treatments were grazed-trampled, grazed-untrampled and ungrazed-untrampled subplots (2, 47) .049 0.541 (2, 47) .586 3.06 (2, 47) .056 3.89 (2, 47) .027 5.69 (2, 45) .006
Interaction 0.971 (4, 47) .432 0.742 (4, 47) .568 1.96 (4, 47) .116 0.50 (4, 47) .74 1.82 (4, 45) .141
Significnat P-values less than 0.05 are shown in bold. cover on disturbed sites without seeding due to high dispersal capabilities and proximal seed sources. Target perennial grasses had less effective dispersal strategies and recovered more slowly than annuals but nonetheless showed linear recovery patterns (Fensham et al., 2016) .
Similarly, Deák et al. (2015) found that highly diverse vegetation assemblages naturally colonized a grassland in Hungary within the first year of new soil installation. They compared older soil-filled channels to 1-year old channels and found that older channels developed to be dominated by perennial species rather than ruderal annual species over time. A common theme of successful natural vegetation establishment occurs with the disturbed sites having nearby seed sources; our narrow, linear pipeline corridor provided ideal proximity between the disturbance and the adjacent undisturbed vegetation.
We attribute the high degree of natural colonization measured in unseeded areas to the viable seed persistence of native species in the stockpiled surface soil and the ability of these species to readily disperse onto the narrow disturbance corridor from adjacent intact desert. Scott and Morgan (2011) found that seed-rain recruitment was a more important mechanism than the seed bank for recolonizing disturbed sites in disturbed semi-arid grasslands of Australia. They additionally found that ruderal, early-successional annual grassland species generally dominated the seed bank. Similarly, Bertiller and Aloia (1997) found that perennial grasses had transient seed banks while annuals (grasses and forbs) had persistent seed banks in semi-arid grasslands in Patagonia. In response to disturbance, the annual species with persistent seed banks were able to colonize more successfully (Bertiller & Aloia, 1997) , perhaps due to more opportunistic reproductive strategies (Dyer, Hardison, & Rice, 2012) . Both our seeded and unseeded reclaimed areas produced more herbaceous biomass and total plant cover than the undisturbed desert areas, which at least implies that the site was in poor condition prior to the pipeline construction. The study site likely had low ground cover and productivity compared to its potential because this region, as with much of southern Arizona, has experienced altered fire and grazing regimes that caused historic
Results of the two-dimensional non-metric multidimensional scaling (NMDS) comparing plant assemblages based on ecological functional groups using Euclidean distance of the log +1 transformed data. NMDS was performed with R on the vegetation functional groups disregarding whether the species was naturally recruited or originated from the seed mix. Lines originate from the treatment group centroid to all points within that group (ordispider). semi-desert grasslands to be converted into shrub-dominated vegetation with increased bare ground (Browning & Archer, 2011) . Mesquite (Prosopis spp.) encroachment has resulted in uneven distribution of topsoil and soil nutrients where patches of vegetation can survive under the shrub canopy, but the interspace between shrubs becomes increasingly barren and devoid of topsoil and nutrients (Yavitt & Smith, 1983) . We hypothesize that the new vegetation on the ROW could have been stimulated by the removal of competing mesquite and cactus species during construction, similar to the findings of Hessing and Johnson (1982) who studied the recovery of a different Sonoran Desert pipeline corridor. Improved vegetation biomass in reclaimed areas compared to undisturbed desert areas could also have been due to the soil disturbance that occurred during construction and reclamation, which has been shown to increase soil infiltration and plant productivity in arid grasslands (Miyamoto, Olson, & Schuman, 2004) .
Another possible mechanism to explain the reclaimed areas producing significantly more biomass than the undisturbed desert areas is that the soil disturbance could have stimulated increased availability of soil nutrients from the soil microbial pools, similar to the results of soil tilling (Kristensen, Kasia, & McCarty, 2003) .
In our study, while seeding produced higher ground cover and species richness than not seeding, the species composition and community assemblage more closely resembling that of the seed mix rather than that of adjacent undisturbed areas (approximately 2/3 or the ground cover was from seed mix species and 1/3 was naturally recruited).
This supports our hypothesis that seeding would recover towards a different plant community trajectory than not seeding (hypothesis 2).
While the species making up the seed mix are all native to the southwestern US region as well as being desirable rangeland plants, they do not match the local species at the research site. The priority effects of seeded species establishing first may lead to long-term differences in vegetation communities compared to the surrounding desert communities (e.g. Belyea & Lancaster, 1999) . In further support of priority effects being a useful principle in drylands, Walker and Powell (1999) measured the differences between seeded and unseeded roadsides in the Mojave Desert after 4 years and found that unseeded areas recovered to similar species richness and community composition as undisturbed areas, whereas seeded areas were dominated by seed mix species. Their community composition results closely resemble our initial outcomes and suggest that the fast-establishing seeded species excluded natural establishment of on-site species through resource competition, thus seeding may be less effective for replicating predisturbance plant communities (Walker & Powell, 1999 ).
An additional consideration is how the seed mix species might impact the species-poor adjacent undisturbed desert control plots that averaged 1.1 species 0.16/m 2 while seeded plots averaged 3.0 species 0.16/m 2 . Baasch et al. (2012) , looking at restoration of disturbed postmining sites in dry grasslands of Central Europe, found that desirable species from seeded sites spontaneously migrated into adjacent unseeded control sites. It is probable that the seeded species from the ROW will migrate into both unseeded ROW areas as well as adjacent undisturbed control areas, but our study was not long enough to detect migration of seeded species. The effect of spontaneous migration might be considered beneficial in this case for increasing species richness and vegetation cover in the adjacent desert areas around our site that had been impacted by historic over-grazing. (2000) found that precipitation was more influential than grazing intensity on semi-arid rangeland productivity in South Africa over a 10-year study period.
| Impacts of grazing and trampling
Emerging prior to, as well as during, the grazing period of our study (Dec 2014 through Feb 2015), we observed seeded reclaimed areas densely colonized by three rapid establishing winter annual forb species from the seed mix (Salvia columbariae, Escholzia californica, Plantago ovata; Table 1 ). These seeded annual forbs were no longer present on the ROW during the data collection period (Sept and Oct 2015) due to their phenology. The perennial forbs and grasses that dominated seeded portions of the ROW during our data collection period germinate in the summer in response to monsoon rains, therefore were not exposed to the impacts of winter season grazing. We partially attribute the lack of grazing impacts to this phenological timing.
Our treatment of the combined impacts of trampling and grazing reduced native plant cover, reduced biomass and caused increased soil erosion as compared to the areas that were protected from both grazing and trampling (as expected in hypothesis 4). This finding is supported by numerous other studies. Salihi and Norton (1987) observed that grazing increased perennial grass seedling mortality in semi-arid rangelands of the southwestern US, which the authors primarily attribute to livestock trampling. In a different arid grassland of Arizona, Allington and Valone (2011) documented that cattle grazing and trampling reduced native plant cover and increased soil compaction (bulk density) over the long term. Lezama et al. (2014) had results showing that grazing reduced species richness in grass and shrub lands in study sites ranging across Argentina and Uruguay. In a study simulating cattle trampling on a dry rangeland of Kenya, Dunne et al. (2011) found that trampling reduced plant cover, biomass and plant regeneration. They also found that cattle trampling increased soil loss, which they attributed to reduced vegetation cover and disturbed topsoil structure.
| Management implications
Seeding can only be assessed in relation to the goals for the site. The seeded areas could be considered better than unseeded areas from a management or regulatory perspective because seeding produced more ground cover, suppressed undesirable plants and increased species richness. But from an economic or conservation perspective, not seeding and allowing natural recruitment similarly provided adequate ground cover to protect the soil from erosion as well as having species richness, native plant cover and species composition similar to the undisturbed desert. The contrast between a recently disturbed site and an undisturbed site usually shows the undisturbed site as better in all respects. In our comparison, even in the unseeded areas, the reclamation areas showed improvements to vegetation metrics that are used by land managers to gauge the success of a reclamation project or management action (i.e.
forage production and ground cover increased in all reclamation treatments compared to surrounding undisturbed desert). Our study design cannot resolve whether the mechanism behind these improvements was removing woody species and cacti vs soil disturbance increasing infiltration, reducing compaction and increasing nutrient availability.
We also partially attribute the robust vegetation establishment at our reclamation project to adequate precipitation, which is essential for successful reclamation projects in arid and semi-arid regions.
Dormant-season cattle grazing did not significantly alter the community assemblage based on functional groups. However, the combination of grazing and trampling reduced production, reduced native plant cover and caused soil erosion. The general prescription of keeping cattle and vehicles off reclaimed sites for at least two full growing seasons (e.g. Stevens, 2004) seems warranted if at all possible.
